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成碳 70 富勒烯衍生物分子 bisPC71BM 作为聚合物太阳能电池的例子，以香豆素
C343 和 D1421 分子吸附在二氧化钛表面上作为染料敏化太阳能电池的例子，研
究了有机分子的光谱性质及其中的电荷转移过程。得到的结论如下： 


























































Continuous use of non-renewable of energy, such as coal and gas, is causing the 
depletion of natural resources and environmental pollution, which become two 
important problems in societies and promote people to fine renewable sourves of 
energy. The sun is closely bound up with our everyday life, and it is the origin of 
nearly all the energy source on earth. Moreover, it is clean and renewable. Solar cells 
are devices that convert solar energy into electricity by photovoltaic effect, which can 
be simply divided as inorganic and organic solar cells. Compared with the traditional 
inorganic solar cells, organic solar cells have broad sources, processability, lightness 
and low cost. They have thus attracted much attention in these years. 
One of the most important processes in organic solar cells is photoinduced 
charge transfer. As the donor molecule is excited by the sun light, it injects electron to 
the acceptor and performs electric current. To investigate this process in microscopic 
level theoretically is helpful to further understand the working principle of solar cells, 
optimize the construction, improve the efficiency and design high efficiency solar 
cells. In this thesis, we, therefore, theoretically investigate the structure and spectra of 
some organic molecules used in organic dye-sensitized solar cells, and the electron 
transfer processes in organic polymer solar cells. Concretely, this thesis is divided by 
two parts. In the former part, we present the elementary principle and the calculated 
approaches of spectra and electron transfer. In the latter part, we take P3HT- 
bisPC71BM as one example, and coumarin molecules (C343 and D1421) absorbed on 
TiO2 as another example, to study the spectra and photoinduced electron transfer 
process. The main contributions of the present work are summarized as follows: 
1. For the acceptors of the two newly synthesized fullerene derivatives 
bisPC71BM isomers, in spite of the similar IR spectra, UV-Vis spectra and C-V curves, 
their electron mobilities are different because of their different array in crystals, which 
lead to different electronic couplings and reorganization energies. For the donor 
molecule P3HT, as the chain length increases, the absorbance increases and the 















P3HT-bisPC71BM solar cell systems, we estimate the electron transfer rate based on 
Marcus formula by calculating reorganization energy, electronic coupling and driving 
force. It is found that the electron transfer rate in trans-isomer is larger than that in the 
cis-isomer. If one changes the hexyl side chain into methyl group, the absorption 
spectra shift to red and the absorbance increases a little. Therefore it may be a better 
donor as one only considers the efficiency of sunlight absorption. It also shows that if 
the hexyl chain is substituted by methyl group, the electronic coupling between the 
polymer and fullerene decreases, which lowers the electron transfer rate. 
2. The investigation on the twelve isomers of dye molecule C343 indicates that 
the property difference caused by julolidine ring conformation is much less than that 
caused by carboxylic group conformation. The ionization potential of the conformer 
without H-bond is lower than the conformer with H-bond, manifesting that the former 
may be easier to inject electrons to the conduction band of semiconductor than the 
latter. Compared to the gas phase, the presence of methanol solvent reduces the 
ionization potentials about 1.6–1.8 eV, which may facilitate the electron injection. 
Further calculations for electronic absorption spectra reveal that C343 isomers and 
their deprotonated anions show redshift and blueshift, respectively, and all these 
spectra have a hyperchromic effect, compared to those in vacuum.  
3. We have studied the bonding modes of coumarins C343 and D1421 absorbed 
on TiO2. It is found that the bidentate chelating structures and monodentate ester 
structure are more stable than bidentate bridging structure. The electron transfer rate 
in C343-TiO2 system was calculated to be about 1012 s-1, in agreement with the 
experiment value. Although diethylamino group in D1421 can rotate in the excited 
state and form twisted intramolecular charge transfer state with larger electronic 
couplings, the electron injection rate is calculated to be smaller than that in 
C343-TiO2 system, due to smaller driving force and larger reorganization energy when 
the reorganization energy is larger than the driving force. 
Keywords: Photinduced electron transfer; Spectra; Theoretical calculation; Polymer 

















第一章  绪论 
1.1 光诱导电荷转移 
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聚合物太阳能电池( polymer solar cell, PSC)[17]通常由共轭聚合物给体和富勒
烯衍生物受体的共混薄膜(活性层)夹在 ITO(indium-tin oxide，氧化铟锡)透明导电





献报道的实验室 高光电能量转换效率已从 1995 年的不到 1%[17]逐渐提高到超

















图 1.2 有机聚合物太阳能电池器件结构示意图(左图)和能级示意图(右图) 
 
PSC 中光敏活性层具有给体/受体本体异质结(bulk heterojunction，BHJ) 结
构，理想的活性层应该形成给体和受体纳米尺度相分离的互穿网络结构。 具代
表性的给体和受体光伏材料分别是聚 3-己基噻吩(P3HT)和可溶性 C60 衍生物
PCBM。图 1.2 给出了聚合物太阳能电池的器件结构以及 Donor 和 Acceptor 的 
LUMO 和 HOMO 能级图。PSC 中的光电转换过程包含以下几个步骤[35]： 






相匹配，即给体的 LUMO 和 HOMO 能级都要高于受体对应的能级、并且其相应
的能级差应该大于激子结合能，这样才能保证给体中的激子将电子转移到受体的
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